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Abstract

The experience factory concept, which was evolved at the NASA
Software Engineering Laboratory, is a promising concept geared at
facing the current needs in software development and software process
improvement. Therefore, we at DaimlerChrysler decided to implement
it in several business units to maintain and improve software engi-
neering competence. In our efforts to establish the experience factory
concept, we identified some shortcomings resulting from (unstated) as-
sumptions. In this paper, we point out these assumptions and present
how we evolved the experience factory concept. In particular, we in-
troduced reinfusion concepts, concepts for experience evolution and
for cost/benefit-ratio of experience items. An example taken from our
business units helps to concretize our findings.

1 Introduction

Software engineering knowledge is becoming more and more a strategic busi-
ness competence — both for software and system developing companies. The
ability to produce high-quality software within a reasonable time and budget
is becoming critical for economic success.

The experience factory concept developed by Basili and co-workers in a
collaboration with the NASA Software Engineering Laboratory, the Univer-
sity of Maryland and the Computer Science Corporation [Bas89, BCM 192,
Bas93, BCR94, BC95, BM96] is a promising approach to build up and main-
tain software engineering knowledge related to the specific needs of an en-
terprise.

Hence, in 1997 DaimlerChrysler decided to implement the experience
factory concept within several software-intensive business units [HSW9S,
LSH99, WHS99, HB99]. In particular, we started initiatives in passenger
car development, military aircraft development and central I'T services, each
of which is supported by the corporate research department. Qur mission
was to establish the experience factory concept within two to three years.



The overall goal of the initiatives was to improve software development com-
petencies. The individual goals, however, varied in the business units de-
pending on their specific demands. Central IT services, for instance, was
interested in improving their software contracting processes, whereas, in pas-
senger car development, defect profiles and defect tracking were important
concerns.

At the beginning of our initiatives, we tried to instantiate the SEL’s
experience factory concept by building up an independent organizational
unit, defining experience documentation procedures and running measure-
ment programs. But these activities are long-term activities and the business
units involved were also seeking short-term benefits. Their motivation to act
as partners in the experience factory initiatives was to achieve significant im-
provements in their situation and sustain it within the initiative schedule.
As a consequence, we were forced to evolve the experience factory concept
in order to initiate short- and long-term experience-based improvements in
parallel. We call the resulting approach software experience center (SEC)
and we will discuss our findings in this paper in some detail.

1.1 Structure of the Paper

Section 2 briefly summarizes the SEL experience factory concept and em-
phasizes the assumptions behind it. Building on this concept, we introduce
three necessary dimensions of evolution for the ‘classic’ experience factory
concept in Section 3. Section 4 gives an example illustrating the evolved
concepts. Section 5 summarizes the findings of these paper.

2 The Origin: SEL Experience Factory

Process improvement is hard work. Deficits have to be identified, improve-
ment activities must be defined and implemented, and their effects mon-
itored. This is how most improvement approaches work. However, these
activities are only partially useful for a single project which has to create
a product within a given schedule and cost frame. To make improvement
activities successful in the long run, projects concerns have to be clearly
separated from improvement concerns.

This insight was the main trigger for the experience factory concept,
which is based on the quality improvement paradigm (QIP, see [BCR94]).
The experience factory concept proposes a (logical and organizational) sep-
aration of project organization (responsible for building products) and im-
provement organization (responsible for improving processes within and
across projects). The experience factory organization supports individual
projects by providing them with experience gained from work in previous
projects. The observations made in the new project are, in turn, used to up-



date the organization’s experience base (see Figure 1). And, a cross-project
learning process becomes alive.
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Figure 1: Experience factory concept [BCR94].

This concept is rather obvious. It helped to clear our mind. In many
improvement projects at DaimlerChrysler it helped us a lot [HSW98]. The
experience factory concept provides a long-term vision for improvement ini-
tiatives tailored to particular business units needs.

Even though this concept is obvious, it has several implications and
makes several assumptions:

Long-term activity. The improvement approach underlying the ex-
perience factory concept is the QIP. According to the QIP, process
improvements are, by their nature, long-term. First, the actual situa-
tion has to be basedlined. Then, improvement activities are defined,
implemented and assessed. Typical time-frames for QIP-based im-
provements are one to three years.

Additional effort. From the perspective of a single project, process
improvement and learning require additional resources (e.g. for mea-
suring) which do not pay off immediately.

Common understanding. An important step in every improvement
initiative is defining an improvement goal. To do so, people need to
know and articulate their needs accordingly.

Similar projects. The basic idea of the experience factory concept is to
learn in one project and to transfer the gained experience to another
one. The essential prerequisite is that both projects are sufficiently
similar.

Processes in place. Process improvement requires fairly mature pro-
cesses that are beyond the ad-hoc stage.

‘Homo economicus’. Improvement activities have similarities with
farming. One has to seed now (spending some effort) to harvest (some



more) in the future. Common sense tells us that this is a reasonable
thing to do. However, humans do not always act reasonably with
respect to long-term economic considerations.

o Will to change. Improvement is almost always tied with changes:
changing processes, changing responsibilities, changing personal be-
havior. But changing is never easy. Although it is reasonable to
change, people are often reluctant to do so.

o Pull for external knowledge. Learning across projects is essential in
the experience factory concept. This means, that people are willing
to learn and willing to accept knowledge and experience gained in
other environments (i.e., projects). Moreover, people have to ask for
knowledge, trawl for experience items, seek for better processes. So
there must be an active pull for helpful information.

e Management support. Every change needs a powerful sponsor. To
bring the experience factory concept to life, permanent support from
powerful sponsors (i.e. management at all levels) is mandatory.

In most environments, there are some deficits concerning the issues men-
tioned above. In particular, a long-term commitment at all levels (manage-
ment, project members) is hard to uphold. An external observer would argue
that it is worthwhile to spend effort for activities whose return on investment
is not immediately yielded. However, project workers who are permanently
‘up to their necks in hot water’ have a slightly different perception. They
can accept only short-term initiatives. They want to see improvement right
now.

For these reasons it is not sufficient to introduce the ‘classic’ experience
factory concept in a ‘typical’ organization. In the next section, we show
how we have evolved the experience factory concept to cope with the above
mentioned issues.

3 Dimensions of Evolution

In our experience factory initiative at DaimlerChrysler, we began with the
‘classic’ experience factory concept. But after a short time it became obvious
that it is impossible to uphold the long-term commitment required without
short-term benefits for the persons involved (see [HSW98, WHS99]). We
were forced to evolve the ‘classic’ experience factory concept.

Figure 2 sketches the identified dimensions of evolution graphically. In
the following, we focus on them in some detail:

o Reinfusion concepts. The ‘classic’ experience factory concept em-
phasizes experience collection: for example, measurement programs,
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Figure 2: Dimensions of evolution.

model building, formalization and generalization. Reinfusion of expe-
rience, i.e. delivery of experience items into projects, is seen to happen
naturally (after some tailoring).

This assumption does not hold for several reasons: (1) People do not
ask for relevant experience items by themselves. Typically, they do
their job as best they can. Therefore, it is crucial to provide experience
items for the task at hand at the right time [FLO196, LS97]. (2) People
do not know that they might need some additional experience items.
Either they assume there is nothing relevant in the experience base
or they do not even recognize their current job as being experience-
intensive.

‘Quality of information.’ Measurement based-information and derived
models are the prime experience items provided by the ‘classic’ expe-
rience factory. This type of experience is desirable because it provides
detailed and objective information. However, gathering it is labori-
ous and time-consuming. The time delay from experience collection
to harvested benefit is fairly long (sometimes several years). Staying
alive in view of short-time expectations, experience items with shorter
reuse-cycles are also required. Of course, their potential benefit might
be only slight, as the information is less consolidated and more sub-
jective. Figure 3 gives examples of different types of experience items.
It also qualitatively depicts the trade-off between the effort needed to
build a particular experience item and its expected benefit. Before
building a new experience item, the utility (i.e. the ratio of expected
benefit and needed effort) should be assessed.

Initial seed, evolution and reseeding.

The ‘classic’ experience factory concept is driven by the QIP. This



Figure 3: Quality of information.

implies that there is always a clear goal for improvement activities
and experience collection. This assumption does not hold in practice.
We often observe a moving-target situation, i.e. the goal and the as-
sociated needs change over time, sometimes by accident, sometimes
due to the experience items delivered. A more dynamic approach is,
thus, needed to avoid wasting a great deal of effort for experience-
building activities (e.g. measurement programs) which provide expe-
rience items that are not really helpful. A closed feedback-loop of
seeding (i.e., providing some cheap experience items), evolution (of
needs) and reseeding (i.e. adjusting experience items and experience
collection processes) is essential [Fis98].

Example

In this section, we present an example taken from our experience factory ini-
tiatives to illustrate how we evolved the ‘classic’ experience factory concept
in practice.

This example is from the central IT services business unit. This unit is
involved in large projects developing systems for administrative purposes like
global sales, warranty management or diagnosis. Typically, such systems are
not built in-house but contracted out to one or more suppliers. Central IT
services is responsible for contractor management and associated activities
such as acceptance processes or quality definition.

Our mission (corporate research) was to establish an initial experience
factory group there. The experience items they were to maintain were aimed
at supplementing all the activities concerned with contracting software out
and performing acceptance tests at delivery time. In the beginning of our



activities, we acted as ‘experience factory guys’. With time, people from the
central IT services were to take over our roles.

We started (according to the QIP) with an extensive baselining to iden-
tify the existing processes, quality needs, etc.

During this work, we encountered a ‘pull’ situation, i.e. demand for
experience items (for, in this case, processes for contract evaluation) arose.
This issue has not been covered by the currently implemented experience
factory activities so far. Setting up a serious analysis of existing processes
(as the ‘classic’ experience factory concept would imply) would have resulted
in a long-term activity. Instead, we performed interviews, studied relevant
literature and (company) standards, tailored the findings towards the actual
needs and provided simple guidelines (how-to notes).

Founding on our baselining activities, we encountered some other ques-
tions which were not directly articulated by the projects but which might
become vital in future activities (e.g. risk assessment, role of quality man-
ager). Consequently, we also built experience items for these topics. Unlike
the contract evaluation process item, we had to sell these experience items.
This was mainly, because people were not aware of the utility of these issues
(e.g. risk management).

We used selling and applying experiences to improve the existing expe-
rience items. Figure 4 depicts the flow of experience across several projects
in the central IT services business unit. However, there is no indication
whether a flow of information was initiated by pull or push. There were
variations across projects and over time.

Figure 4: Experience transfer at central IT services.



It is important to realize that there was neither an initial pull for most
of these items nor a clear agreement that these and only these items were
relevant.

With respect to the above mentioned evolution dimensions, we made the
following contributions:

e The created experience items were fairly cheap to build with only
a limited benefit but a positive cost benefit ratio (e.g. checklist for
contracts, initial quality model). Experience items of better quality
were only built in cases where return on investment was anticipated
within a reasonable time-frame. Especially the fact that the experience
factory initiative showed benefit to the projects within a rather short
time helped us greatly to become accepted in this business unit.

e It was not clear from the beginning where to go as the people involved
were unable to articulate their particular needs. So we were not able
to start with a clear goal in mind but had to work iteratively and prov-
idently. We started with an initial seed (hints on writing contracts)
and evolved the experience base content over time. Starting a QIP
program would have not produced the same output. The goal identi-
fication would only have raised topics which the people were aware of.
However, we found some items to be extremely helpful which would
not hove been raised as people did not know them.

e Rarely did people seek for experience items. So the assumption that a
filled experience base is enough to make an experience factory helpful
proved to be false.

More often, we (as the experience factory guys) had to push our items
in meetings and project planing sessions. More details on the relation
of pull versus push (which is the main reason for reinfusion concepts)
can be found in [WHS99].

Summary

The experience factory concept which was evolved at the NASA Software
Engineering Laboratory is a promising concept geared at the current needs
in software development and software process improvement. It addresses
the burning issues of a business unit rather than proposing one-size-fits-all
solutions.

To understand its transferability to other environments, it is important
to understand its evolution and its assumptions. The experience factory
concept is the outcome of many years of work performed by Basili and co-
workers [BCM192] at the NASA SEL. It is a result of process improvement
activities according to the PDCA principle (i.e. QIP [BCR94]) and the



perception that successful improvement activities must be separated orga-
nizationally from project work. At SEL, it was never the goal to ‘build
an experience factory’, but the resulting organization was ez-post called an
experience factory after it grew for several years.

If you intend to establish the experience factory concept within a fairly
short time-frame (e.g. two to three years), some shortcomings of the concept
become obvious resulting from (unstated) assumptions behind the concept.
Primarily, it is assumed that project people believe in the (long-term) ben-
efits of an experience factory.

In our experience factory initiative at DaimlerChrysler, we identified
some areas in the experience factory concept that need to be evolved. In
particular, we recognized the need for reinfusion concepts, concepts for ex-
perience evolution and a continuum of experience items ranging from easy-
to-build but short-term-benefit items (e.g. how-to notes, expert networks)
to solid high-impact packaged experience (e.g., results from QM measure-
ment programs).

We call the evolved experience factory concept the ‘software experience
center’ (see Figure 5).

Figure 5: Software experience center.
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